The most recent results on mixing and CP violation in the B 0 and B 0 s systems published by the ATLAS experiment at the LHC are presented. The measurement of the B 0 s → J/ψφ decay parameters, using data collected in pp collisions at 
The ATLAS detector
The ATLAS experiment uses a general-purpose detector consisting of an inner tracker, electromagnetic and hadronic calorimeters and a muon spectrometer [1] . The analyses presented here use information from the inner detector and the muon spectrometer. The muon spectrometer provides muon identification and triggers. The inner detector provides momentum measurements in the pseudorapidity range |η| < 2.5. The ATLAS trigger system employs a Level-1 hardware trigger and two high-level software triggers. The analyses use trigger selections based on a di-muon signature. These triggers have muon transverse momentum (p T ) thresholds of 4 or 6 GeV and pseudorapidity coverage of |η| < 2.4.
CP violation in the B 0 s → J/ψφ decay
The CP violating weak phase φ s in B 0 s → J/ψφ decays is the weak phase difference between the b → ccs decay amplitude and the B 0 s −B 0 s mixing amplitude. In the Standard Model (SM), φ s is predicted to be small [2] : and has attracted a lot of interest due to possible new physics contributions to this decay mode:
Precise measurements of φ s performed by the LHC experiments have considerably reduced the possible amount of new physics contribution but higher precision is still needed for a stringent test of the SM and to evaluate φ NP s . The value of the width difference of the B 0 s mass eigenstates ∆Γ s is predicted to be ∆Γ s = 0.087 ± 0.021 ps −1 [3] .
The results of the B 0 s → J/ψφ analysis, using 4.9 fb −1 of integrated luminosity collected by ATLAS in 2011 at √ s = 7 TeV, were published in 2014 [4] . The measured values are:
The analysis of the 14.3 fb −1 of integrated luminosity collected in 2012 at √ s = 8 TeV was released by the ATLAS collaboration in January 2016 [5] . In addition to the increased data sample, it includes a number of improvements over the 2011 analysis. A brief description of the analysis follows.
The B 0 s → J/ψφ candidates are selected by fitting four track combinations (two muon tracks and two hadronic tracks) to a common vertex. A J/ψ-mass constraint is applied in the fit. The muon tracks are required to pass the trigger thresholds of p T > 4 or 6 GeV and |η| < 2.4. The hadronic tracks are required to be oppositely charged and have p T > 1 GeV and |η| < 2.5. All selection criteria are independent of the B 0 s lifetime. A total of 375 987 B 0 s candidates are selected with 5.15 < m(J/ψφ ) < 5.65 GeV. The number of signal candidates is ≈ 75k, which is approximately 3.5 times that of the sample used in the 2011 analysis.
The initial flavour of the B 0 s meson is determined by the flavour of the accompanying B meson. The flavour tagging algorithm is calibrated using self-tagging B ± → J/ψK ± events from data. Three flavour tagging methods are used: muon, electron and jet charge tagging. The jet charge tag uses the jet with the highest value of b-tag weight in the event, excluding the jet containing the B 0 s decay. The tagging variable is given by:
where q i and p i T are the charge and transverse momentum of track i. For muon (electron) tagging, k = 1.1 (1.0) and the sum is over tracks within a cone of ∆R < 0.5 around the muon (electron). For jet charge tagging, k = 1.1 and the sum is over all tracks in the jet.
An unbinned maximum likelihood fit is used to extract the values of the physical parameters of the B 0 s → J/ψφ decay. The information used by the fit includes several variables describing the B 0 s → J/ψφ decay: the reconstructed mass, transverse momentum, proper decay length and its uncertainty, angles describing the kinematics of the B 0 s decay and the flavour tagging probability value. The maximum likelihood fit of the 8 TeV data sample yields the following results: Figure 1 shows the mass and proper decay time fit projections for the B 0 s → J/ψφ sample demonstrating the good quality of the fit. 
It has been shown [7] [8] and LHCb [9] differ by more than 1.5 standard deviations. Therefore, more precise measurements of ∆Γ d /Γ d are needed to constrain this quantity and verify or disprove the SM prediction. The measurement of ∆Γ d /Γ d was performed by the ATLAS collaboration using the method described below.
The value of ∆Γ d /Γ d is determined by measuring the experimental ratio of the proper decay time (t) distributions of B 0 → J/ψK S and B 0 → J/ψK * 0 decays. The J/ψ is reconstructed using the decay J/ψ → µ + µ − . The K S and K * 0 are reconstructed using the K S → π + π − and K * 0 → K + π − decay modes. The B 0 → J/ψK * 0 andB 0 → J/ψK * 0 decays are added together.
The decay time distribution of B 0 → J/ψK S depends on ∆Γ d :
while the decay time distribution of B 0 → J/ψK * 0 is almost not sensitive to ∆Γ d :
Here ∆m d is the mass difference of the B 0 −B 0 system, β is the CKM unitarity triangle angle, sin 2β = 0.679 ± 0.020 [10] , and A P is the production asymmetry of B 0 andB 0 . The cancellation of the e −Γ d t factor in the ratio of the two decay modes leads to increased sensitivity to ∆Γ d . Using a ratio also helps to reduce the systematic uncertainties of the measurement. The reconstruction of the two channels is designed to be similar for the same reason. Both decay modes are triggered by the same di-muon triggers and the additional particles from the B 0 decay are not used in the trigger or the proper decay time determination.
The proper decay length, L B prop = ct, is used for the measurement: 
where The ratio of the number of B 0 candidates in the two channels in each L B prop bin gives the experimental ratio R i,uncor (L B prop ). This ratio is corrected to account for the difference in reconstruction efficiencies of the B 0 → J/ψK S and B 0 → J/ψK * 0 channels. This difference is mainly due to the fact that the hadronic tracks in the B 0 → J/ψK S decay come from a displaced K S → ππ vertex, prop . The charge asymmetry has two contributions: the detector asymmetry A det and the production asymmetry A P . The latter should oscillate with L B
prop . The distribution of A obs is shown in Fig. 4 . The offset from 0 is due to the detector asymmetry A det .
[mm] prop ) [6] . The line shows the fit to the distribution by a function combining A det and A P . The first point corresponding to negative proper decay length is not used in the fit. The error bands correspond to the combination of uncertainties obtained by the fit for A det and A P .
The value of A P measured by the ATLAS experiment using data obtained at 7 and 8 TeV is:
The relative width difference ∆Γ d /Γ d is obtained from a χ 2 minimisation: 
The results from the two data samples are consistent and are combined:
This is currently the most precise single measurement of ∆Γ d /Γ d . The result agrees with the SM prediction. It is also consistent with measurements performed by other experiments.
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Conclusions
The analysis of the data collected by the ATLAS experiment during Run 1 of the LHC has revealed no anomalies in the B 0 s → J/ψφ decay mode. The measurement of the CP violating weak phase φ s agrees with the SM prediction and is consistent with measurements by other experiments. There is, however, still room for new physics in CP violation in this channel.
The value of ∆Γ d /Γ d obtained by ATLAS during Run 1 of the LHC is currently the most precise measurement of this quantity. The result agrees with the SM prediction. It is also consistent with measurements performed by other experiments.
The LHC Run-2 data should allow the precision of these measurements to be considerably improved, leading to further tests of the Standard Model validity.
